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摘  要 
 






在很多研究者都在不断的为提高 PLED 的性能而努力。 
本文也是本着提高效率和亮度着手，对 PLED 进行了研究。首先，我们




制作了一批 PLED 器件，并且在发光层与阴极间插入了不同厚度的 BaO 绝
缘层，研究 BaO 层对 PLED 器件性能提高所起的作用。通过实验研究得到
了不同厚度 BaO 层 PLED 器件的 I－V 图、亮度－电压图和效率－电压图。
通过对比，我们得到 1nm 厚的 BaO 层是 佳的厚度，并且电压为 8v 时，

























































Since R. Friend and his colleagues, University of Cambridge,   
discovered the electroluminescence of polymer in 1989, it is getting popular to 
study the polymer light emitting devices (PLED) as a technology of display. Due 
to its low voltage drive, high brightness and external quantum efficiency, higher 
contrast and faster switching speed, Thin, large panel and conformable display 
screens become possible, using flexible plastic substrates and  high rate of 
performance-price. Great progresses are made about the research of PLED. 
However, it has some performances to improve in itself, for example, its 
short–life and relative low luminescence and efficiency. So, many researchers 
are always improving the performances of PLED recently. 
This paper also set out improving luminescence and efficiency to study the 
performance of PLED. First of all, we synthesize a series of the alkoxyl 
derivatives of PPV with the student of the department of material and measure 
their spectrum of PL and EL. As a result, we find that the band gaps of alkoxyl 
derivatives of PPV become large and their spectrums become “blue” shift with 
the increasing of the number of C in the substituent. When the number of C 
arrives a level, the band gaps and their spectrums become imperceptible. It is 
helpful to select materials. Secondly, we fabricate a series of PLEDs with 
MEH-PPV as the light emitting layer, and insert the different thickness 
insulating layer of BaO between the cathode and MEH-PPV. We use them to 
study the layer of BaO how to improve the performances of PLED. The pictures 
of I-V, luminescence-voltage and efficiency-voltage of PLED of different layer 













thickness for BaO layer is 1nm, and the luminance and efficiency are 20 and 10 
times to the devices with single only Al as a cathode, reaching 1250 cd/m 2 and 
0.4%, when the operating voltage is 8V. The reasons lie in two aspects:(1) The 
layer of BaO decrease the barrier height of electron injection and improve the 
rate of electron tunneling to gain a better balance between electron and hole;(2) 
the layer of BaO block hole to cathode directly and reduce the quenching of hole, 
which enhance the probability of recombination of hole and electron.   
The innovations and new results of this paper lie mainly in:(1) our 
experiments prove the spectrum become “blue” shift of the alkoxyl derivatives 
of PPV with the increasing of the number of C in the substituent; (2) the BaO 
layer, which is stability in the atmosphere of water and oxygen, is inserted 
between cathode and light emitting layer, instead of some instable metals.  The 
optimum thickness is acquired and the luminescence and efficiency are 
improved greatly, which can guide us in the practicality of PLED. 
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第一章   引论 
－聚合物发光器件研究的历史、现状与前景 
 
1.1  聚合物电致发光器件的研究历史 
 
   聚合物电致发光器件(PLED)是近年来国际上的一个研究热点，它以低电
压驱动、高亮度、高效率和容易大面积显示等优点得到了众人的关注和青
睐。有机物发光器件（OLED）的研究开始于 20 世纪 50 年代 [1]，特别是
60 年代 Pope 和 Helfrich 等人用单晶片 anthracene 加电压（>100V）后看到
了发光[2 3]，但由于单晶的厚度较大，驱动电压高，电能转化率太低。70 年
代，人们用真空蒸镀的有机薄膜代替单晶[4 5 6]，发光层厚度大幅降低，使有
机发光器件的制作技术又提高了一大步。到 80 年代 柯达公司的 C. W. Tang
等人[7]研制成双层有机薄膜电致发光器件，所用发光材料和电子传输材料为
小分子有机物 Alq3（图 1.1），实现了 10V 以下驱动，亮度达到 1000cd/m2
（一般显示器 200cd/m2就够了），颜色为绿色，量子效率为 1％，流明效率



























        
 
Alq3 
图 1.1，常见的小分子发光材料和电子传输材料 Alq3 
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      (c)                             (d) 
图 1.4  PLED 的四种结构 
 















































     
1.3  共轭聚合物发光原理 
 








在无机物晶体 Si 中，sp3 杂化轨道相互交叠形成了σ 键，而它们之间的
相互作用得到了成键轨道和反键轨道，两个轨道间的能量差为 1.1ev，即能
带结构中的带隙。也就是说，它们的σ 键既属于晶体结构也反映在其能带结
构中。共轭聚合物是由 C－C 单键和双键交替连接构成，它们的σ 键形成于
sp2（2s，2px，2py）杂化轨道的交叠，并且，它们的轨道交叠与 sp3 交叠类
似，有较强的相互作用，所产生的成键轨道和反键轨道间的能量差为 10ev。
但是，共轭聚合物的导电性却来源于 sp2 杂化后剩下的那个 pz电子轨道的交
叠形成的π 键。由于 pz电子轨道的交叠之间只有较微弱的相互作用，π 键就
















直于这个平面。σ 键通过 sp2 轨道和临近的 C 原子形成了一个“平面”的骨
链，于是垂直于这个骨链的 pz轨道就有了相互的交叠。 
图 1.5 显示了三种情况的能级图：（a）只含有σ 键的无机物能级图，如
Si；（b）假定的只含有σ 键的 C 链，却没有 pz 轨道交叠的能级图；（c）既
有σ 键的 C 链， 又有 pz轨道交叠的能级图。其中σ － *σ 能级的分裂来自




为 高占有分子轨道——HOMO（the Highest Occupied Molecular  
 
    
  
     
   
Si           未含有π键的聚合物   含有π键的聚合物 
图 1.5 无机和有机分子的能级图 
 
Orbital), *π 带是 低未占有态，我们称之为导带（conduction band）。化学上
称为 低未占有分子轨道——LOMO（the Lowest Unoccupied Molecular 
Orbital）。价带和导带之间的能量差 Eg 即为带隙，发光的颜色依赖于带隙的
大小。 
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